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INTRODUCTION

Dr. Robert Snyder, meeting host, welcomed the NAC/AEGL on behalf of the Environmental and
Occupational Health Sciences Institute (EOSHI).  

Dr. George Rusch (NAC Chairperson) opened the meeting with comments regarding the application of
AEGLs in fire codes (National Institute for Fire Prevention) and that upon approval by  the National
Research Council the AEGLs will be considered as lead values for emergency programs.  It was also
stated that the New Jersey on-scene coordinator for training and emergency response expressed an interest
in using AEGLs.

The highlights of the meeting are noted below, and the meeting agenda (Attachment 1) and an attendee
list (Attachment 2) are attached.  Highlights of the NAC Meeting 16 (December 6-8, 1999) were reviewed
(with a brief discussion and minor correction) and were approved (Appendix A).

GENERAL INTEREST ITEMS

Paul Tobin provided brief comments about the second list of priority chemicals (186 chemicals), noting
that production volumes and emergency release data (Reportable Quantity release data) were focal points.

Ernest Falke provided brief status remarks of the most recent revision SOPs.

RESPONSE TO COMMENTS ON THE FEDERAL REGISTER NOTICE

Discussions were held regarding comments (Attachment 3) on the Federal Register notice for eight
chemicals: HFC-134a, 1,1,1-trichloroethane, Agent HD (sulfur mustard), 1,2-dichloroethylenes (cis and
trans), Otto Fuel, HCFC-141b, hydrogen fluoride, and hydrogen sulfide.  The dispositions of these
comments are summarized in the following sections.  

HFC-134a
In response to comments received from three sources on the Federal Register notice, there was discussion
regarding the overall data set and its support of the proposed AEGL values.  One submitter (Michigan Air
Quality Division) indicated concurrence with the AEGLs. For AEGL-1, these discussions revolved
around the appropriateness of an uncertainty factor of 1 from a study of  8 young health adults.  A motion
(moved by Loren Koller; seconded by John Hinz) passed [YES: 16; NO: 3; ABSTAIN: 0 (Appendix B)]
to accept the original AEGL-1 value of 8,000 ppm for all time points as an Interim AEGL-1.  Similarly,
there was discussion focusing on the available data and their support of the previously proposed AEGL-2
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and AEGL-3 values. Specifically, the discussion focused on the  use of cardiac sensitization as a predictor
for adverse effects.   A motion (moved by John Morawetz and seconded by Mark McClanahan) passed
unanimously [YES: 19; NO: 0; ABSTAIN: 0] (Appendix B) to accept the AEGL-2 and AEGL-3 values as
Interim and respond accordingly to the Federal Register comments. 

INTERIM AEGL VALUES FOR HFC-134a  

Classification 10-Minute 30-Minute 1-Hour 4-Hour 8-Hour

AEGL-1 8,000 ppm 8,000 ppm 8,000 ppm 8,000 ppm 8,000 ppm

AEGL-2 13,000 ppm 13,000 ppm 13,000 ppm 13,000 ppm 13,000 ppm

AEGL-3 27,000 ppm 27,000 ppm 27,000 ppm 27,000 ppm 27,000 ppm

1,1,1-Trichloroethane
Two submissions were received.  The Michigan Air Quality Division expressed concurrence with the
AEGLs.  The International Chemical Workers Union Council contended that the proposed AEGL values
were too high and that this contention is supported by monitoring data from reconstruction of a fatility. 
Following discussions, a  motion to accept the originally proposed values as Interim AEGLs was made by
Robert Snyder (seconded by Steve Barbee). The motion passed [YES: 13; NO: 6; ABSTAIN: 0]
(Appendix C). For the AEGL-3 values, it was also decided to remove the modifying factor (3-fold
adjustment to achieve a reasonable concentration at which humans might experience life-threatening
effects) and change the interspecies uncertainty factor from 3 to 1.  This results in a total uncertainty
factor of  3 (rather than 3.3) based on differences in sensitivity among humans.  The reduction of the
interspecies uncertainty factor to 1 is based on the 2-fold difference in uptake between the rat and
humans.  This change in rationale altered the 10- and 30-minute, and 1-, 4-, and 8-hour values from 4800,
4800, 3800, 2400, and 1900 ppm, respectively, to 4200, 4200, 4200, 2700, and 2100 ppm.

INTERIM AEGL VALUES FOR 1,1,1-TRICHLOROETHANE  

Classification 10-Minute 30-Minute 1-Hour 4-Hour 8-Hour

AEGL-1 230 ppm 230 ppm 230 ppm 230 ppm 230 ppm

AEGL-2 930 ppm 670 ppm 600 ppm 380 ppm 310 ppm

AEGL-3a 4,200 ppm 4,200 ppm 4,200 ppm 2,700 ppm 2,100 ppm

a The 10- and 30-minute AEGL-3 values were flatlined to the 1-hour value so as not to exceed the threshold of 5,000 ppm for
cardiac sensitization observed in dogs.
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Agent HD (Sulfur Mustard)
The only comment submitted in response to the Federal Register notice was in support of the proposed
values for sulfur mustard.  A motion (Mark McClanahan, seconded by Richard Niemeier) to change the
proposed AEGLs for Agent HD to Interim status passed unanimously (Appendix D).

INTERIM AEGL VALUES FOR SULFUR MUSTARD (AGENT HD) 

Classification 10-Minute 30-Minute 1-Hour 4-Hour 8-Hour

AEGL-1 0.060 ppm 0.020 ppm 0.010 ppm 0.0026 ppm 0.0012 ppm

AEGL-2 0.090 ppm 0.030 ppm 0.015 ppm 0.0038 ppm 0.0020 ppm

AEGL-3 0.92 ppm 0.63 ppm 0.32 ppm 0.080 ppm 0.041 ppm

1,2-Dichloroethylene
Comments from the Michigan Air Quality Division, PPG Industries, and Pinnacle West Capital Corp.
were received in response to the Federal Register notice. The cis-values presented in the document were
derived by a modification of the trans- values.  Comments were received suggesting that cis-data be used
for deriving cis-values.  However, after deliberations, the NAC decided that data for the cis- isomer were
sparse and it was appropriate to retain the modified trans-isomer values as cis-isomer values.  Comments
were also received concerning the selection of key studies.  A human study from 1936 was used for
derivation of all AEGL-1 values and AEGL-2 and AEGL-3 values for 10-min, 30-min, and 1-hr.  
The comments suggested the use of more recent controlled animal studies in place of the less robust
human data.  After much deliberation the NAC decided that the human data, could not be ignored and
voted to elevate the values to interim status.  In response to other comments, the introduction was
changed to correctly summarize current uses and production methods; the previous introduction contained
historical information. Summary information from genotoxicity studies were added.  These data suggest
that the trans-isomer is negative in both in vivo and in vitro tests and that the cis-isomer is negative in in
vivo tests and equivocal in in vitro tests.  A motion was made by Mark McClanahan (seconded by David
Belluck) that the proposed AEGLs for this chemical be elevated to interim status 
and that the NAC/AEGL is satisfied with the explanations provided by Cheryl Bast and Ernie Falke in
response to the Federal Register comments and that most of the issue had been addressed during the
previous deliberations.   The motion passed unanimously (Appendix E).  

INTERIM AEGL VALUES FOR trans-cis 1,2-DICHLOROETHYLENE  

Classification 10-Minute 30-Minute 1-Hour 4-Hour 8-Hour

AEGL-1 280 ppm 280 ppm 280 ppm 280 ppm 280 ppm

AEGL-2 1,000 ppm 1,000 ppm 1,000 ppm 690 ppm 450 ppm

AEGL-3 1,700 ppm 1,700 ppm 1,700 ppm 1,200 ppm 620 ppm

INTERIM AEGL VALUES FOR cis 1,2-DICHLOROETHYLENE  
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Classification 10-Minute 30-Minute 1-Hour 4-Hour 8-Hour

AEGL-1 140 ppm 140 ppm 140 ppm 140 ppm 140 ppm

AEGL-2 500 ppm 500 ppm 500 ppm 340 ppm 230 ppm

AEGL-3 850 ppm 850 ppm 850 ppm 620 ppm 310 ppm

Otto Fuel
A comment from the International Chemical Workers Union Council to the Federal Register notice
indicated that the 10-minute AEGL-2 value may be too high.  This was based upon the contention that
data in humans demonstrated severe headaches following a 3.5-hour exposure to 1.5 ppm and that this
effect was too severe to be discounted.   A motion was made by Robert Benson and seconded by Richard
Niemeier to flatline the 30-minute and 10-minute AEGL-2 at 2 ppm and the 10- and 30-minute AEGL-3
at 16 ppm.  The motion passed unanimously (Appendix F).  The 10-minute AEGL-3 was flatlined from
the 30-minute values because the key study utilized a 6-hour exposure duration.  All of the AEGLs for
Otto fuel were elevated to interim status.  

INTERIM AEGL VALUES FOR OTTO FUEL  

Classification 10-Minute 30-Minute 1-Hour 4-Hour 8-Hour

AEGL-1 0.33 ppm 0.33 ppm 0.17 ppm 0.05 ppm 0.03 ppm

AEGL-2 2.0 ppm 2.0 ppm 1.0 ppm 0.25 ppm 0.13 ppm

AEGL-3 16 ppm 16 ppm 13 ppm 8.0 ppm 5.3 ppm

HCFC-141b
In response to a comment submitted by the International Chemical Workers Union Council  to the
Federal Register notice, initial discussion focused on the data set used to develop AEGL1- values.
Specifically, an issue was raised regarding the reliability of an uncertainty factor of  1 from 8 young
healthy adults. In response to this issue, it was explained that the subjects experienced no evidence of
nasal irritation, and no specific unpleasant odor.  Additionally, blood concentrations reach equilibrium
very quickly and, therefore, development of effects at notably later time points is not likely.  A motion
was submitted by Mark McClanahan (seconded by Bob Benson) that the originally proposed AEGL-1
values be elevated to interim status. The motion passed [YES: 17; NO: 2; ABSTAIN: 0] (Appendix G). 
Mark McClanahan moved that the AEGL-2 and AEGL-3 values be elevated to interim status.  The
motion was seconded by Bob Benson and approved by the NAC/AEGL:  [YES: 17; NO: 2; ABSTAIN: 0]
(Appendix G).
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INTERIM AEGL VALUES FOR HFC-141b 

Classification 10-Minute 30-Minute 1-Hour 4-Hour 8-Hour

AEGL-1 1,000 ppm 1,000 ppm 1,000 ppm 1,000 ppm 1,000 ppm

AEGL-2 1,700 ppm 1,700 ppm 1,700 ppm 1,700 ppm 1,700 ppm

AEGL-3 3,000 ppm 3,000 ppm 3,000 ppm 3,000 ppm 3,000 ppm

Hydrogen fluoride
Comments from the American Petroleum Institute, and BP Amoco on the Federal Register notice
indicated concern regarding consistency between the endpoints used for AEGL development and the
AEGL definitions.  There was also concern regarding the use of data from the Rosenholtz et al. (1963)
study in dogs as opposed to using the PERF (Dalbey, 1996) study for development of 30- and 60-minute
AEGL-2 values.  The Michigan Air Quality Division indicated that interspecies and intraspecies
uncertainty factors for AEGL-2 and AEGL-3 values should be increased 3-fold.  Discussion ensued
regarding the AEGLs proposed by those submitting comments (BP Amoco, EM/API, State of Michigan,
API).  The comments/concerns from BPA and Michigan were addressed and comments from API and the
recently available study by Lund et al. (1999) will be discussed at the next meeting.  

Hydrogen sulfide
Comments were received from six organizations (American Petroleum Institute, Michigan Air Quality
Division, American Forest and Paper Association, IBP, Inc., and the Chemical Manufacturers
Association). Cheryl Bast summarized the comments and provided background information regarding the
development of the proposed AEGLs.  Comments on the hydrogen sulfide AEGLs were basically
partitioned between AEGL-1, -2 and -3.  For AEGL-1, many of the comments suggested the use of a
study in asthmatics or withdrawal of the AEGLs.  Following discussions, it was decided to retain the
AEGL-1 values but to strengthen the rationale and justifications.  A motion to retain the AEGL-1 values
and elevate them to interim status was made by Dave Belluck (seconded by Ernest Falke) was voted upon
and passed unanimously (Appendix H). For AEGL-2 and -3, the NAC/AEGL addressed several
comments, including the use of endpoints with higher exposure concentrations, the use of a default n
value for time scaling rather than the empirically derived n of 4.5, and the incorporation of a CIIT
developmental neurotoxicity study recommended by the American Petroleum Institute.  Following
detailed discussions of each responder’s comments, a motion was made by Bob Benson (seconded by
Ernest Falke) to retain the AEGL-2 and -3 values and elevate them to interim status.  AEGL-2 was also
passed unanimously (Appendix H) and AEGL-3 was also passed [YES: 16; NO: 1; ABSTAIN: 0]
(Appendix H). 
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INTERIM AEGL VALUES FOR HYDROGEN SULFIDE

Classification 10-Minute 30-Minute 1-Hour 4-Hour 8-Hour

AEGL-1 0.03 ppm 0.03 ppm 0.03 ppm 0.03 ppm 0.03 ppm

AEGL-2 42 ppm 32 ppm 28 ppm 20 ppm 17 ppm

AEGL-3 76 ppm 60 ppm 50 ppm 37 ppm 31 ppm

Hydrogen cyanide
George Rodgers summarized the Federal Register comments.  It was suggested that the AEGL-1 values
be flatlined based upon a cross-sectional study of cyanide salt workers by Lesser et al. (1990).  Following
discussions on the comments pertaining to AEGL-1, a motion was made by George Rodgers (seconded by
Tom Hornshaw) that the comments were adequately addressed and to  elevate to interim status the
AEGL-1 value  of 1 ppm for all time points (10 minutes, 30 minutes, 1-, 4-, and 8 hours).  Later, the
motion was withdrawn and the discussion was tabled pending receipt of studies.   For AEGL-2 and  -3,
discussion focused on the appropriate endpoints and exposure concentrations.   It was the consensus of
the NAC/AEGL that the comments were adequately addressed but that the TSD be revised to show that
both a probit analysis and benchmark dose analysis provided similar values.  A motion to elevate the
AEGL-2 and AEGL-3 values to interim status was made by Ernest Falke (seconded by Bob Benson).  The
motions passed [YES: 21; NO: 1; ABSTAIN: 0] (Appendix I).

INTERIM AEGL VALUES FOR HYDROGEN CYANIDE

Classification 10-Minute 30-Minute 1-Hour 4-Hour 8-Hour

AEGL-1 – – – – –

AEGL-2 17 ppm 10 ppm 7.1 ppm 3.5 ppm 2.5 ppm

AEGL-3 27 ppm 21 ppm 15 ppm 8.6 ppm 6.6 ppm

DEVELOPMENT OF 10-MINUTE AEGLS

In response to the need for 10-minute AEGLs, TSDs were revised to incorporate the development of
10-minute AEGLs.  These values were developed by assessing data available for time periods less than 30
minutes, by temporal extrapolation from exposure with durations of 4 hours or less, or by flatlining from
the previously established 30-minute AEGL.  In the course of the discussions, it was agreed that
extrapolation to 10-minute values would be limited to exposure data of less than 4 hours duration.  If the
AEGLs were developed using a key exposure of  4 hours or greater and no shorter duration data were
available, the 10-minute AEGL would be flatlined from the 30-minute value.  The 10-minute AEGLs and
their rationales were presented by ORNL staff scientists or the chemical manager.   Discussions were
focused primarily on the newly derived 10-minute values and their relational consistency with the
previously derived AEGLS.

Crotonaldehyde
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Sylvia Milanez provided an overview of the available data pertinent to development of 10-minute AEGL
values (Attachment 4).  For AEGL-1, the same value was flatlined for 30 minutes to 8 hours was used for
10 minutes.  AEGL-2 and AEGL-3 values were both based on studies that encompassed #10-minute
exposures.  Therefore, the 10-minute values were extrapolated using the n values previously used to
derive 30 minute–8 hour values (Attachment 4).  The NAC/AEGL approved development of the values as
motioned by George Rogers and seconded by John Hinz (Appendix J).  The resulting AEGLS for
crotonaldehyde are shown below.

PROPOSED AEGL VALUES FOR CROTONALDEHYDE

Classification 10-Minute 30-Minute 1-Hour 4-Hour 8-Hour

AEGL-1 0.19 ppm 0.19 ppm 0.19 ppm 0.19 ppm 0.19 ppm

AEGL-2 27 ppm 8.9 ppm 4.4 ppm 1.1 ppm 0.56 ppm

AEGL-3 44 ppm 27 ppm 14 ppm 2.6 ppm 1.5 ppm

Allylamine
Pertinent data and development of AEGLS were reviewed by Sylvia Milanez (Attachment 5). 
Specifically, the AEGL-1 values were developed based upon the Shell Oil Co. (1992) study of
occupational exposures that showed an 8-hour exposure to 0.20 ppm was nonirritating.  The AEGL-1 
was flatlined at 0.20 ppm.  

A slight modification of previously accepted AEGL-2 was made using a newly calculated value of 
n = 1.71 based upon the endpoint of cardiotoxicity.  These revised values and the newly developed
10-minute values were accepted and are shown below.  For AEGL-1, the motion was made by Mark
McClanahan and seconded by Loren Koller.  For AEGL-2 and -3, the motion was made by Loren Koller
and seconded by John Hinz (Appendix K).  The 10-minute values for AEGL-2 were flatlined from the
30-minute numbers.

PROPOSED AEGL VALUES FOR ALLYLAMINE

Classification 10-Minute 30-Minute 1-Hour 4-Hour 8-Hour

AEGL-1 0.20 ppm 0.20 ppm 0.20 ppm 0.20 ppm 0.20 ppm

AEGL-2 4.2 ppm 4.2 ppm 2.8 ppm 1.2 ppm 0.83 ppm

AEGL-3 140 ppm  40 ppm 18 ppm 3.5 ppm 2.3 ppm

Ethylenediamine
The data and rationale pertinent to development of 10-minute AEGLS were summarized by Sylvia
Milanez (Attachment 6).  These values and a revision of the AEGL-2 and AEGL-3 values were discussed. 
AEGL-1 values were not recommended due to insufficient data.  The AEGL-2 values were based upon an
8-hour animal exposure to approximately 484ppm.  Due of the 8-hour duration, the 10-minute values
were flatlined from the 30-minute value.  Because the AEGL values were based on 8-hour exposures, the
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10-minute AEGL-3 values were flatlined from the 30-minute value. Both the AEGL-2 and AEGL-3
values are supported by a multiple-exposure rat study.  The accepted values are shown below (Appendix
L).  For AEGL-1, the motion was made by Bob Benson and seconded by Bob Snyder.  For AEGL-2 and -
3, the motion was made by Zarena Post and seconded by George Rodgers.

PROPOSED AEGL VALUES FOR ETHYLENEDIAMINE

Classification 10-Minute 30-Minute 1-Hour 4-Hour 8-Hour

AEGL-1 NR NR NR NR NR

AEGL-2 12 ppm 12 ppm 9.7 ppm 6.1 ppm 4.8 ppm

AEGL-3 25 ppm  25 ppm 20 ppm 13 ppm 10 ppm

Cyclohexylamine
The rationale for development of 10-minute AEGLS was presented by Sylvia Milanez (Attachment 7). 
The AEGL-1 values were flatlined at 1.8 ppm. The AEGL-2 values were calculated based upon a well-
defined study.  The 10-minute values for AEGL-2 and AEGL-3 were flatlined from the 30-minute values. 
The values as presented below were accepted by the NAC/AEGL. A motion was made by George
Rodgers and seconded by John Hinz to accept the proposed 10-minute AEGLS.  The voting records for
AEGL-1 through -3 are: AEGL-1: [YES: 18; NO: 3; ABSTAIN: 0]; AEGL-2: [YES: 19; NO: 2;
ABSTAIN: 0]; for AEGL-3: [YES: 19; NO: 2; ABSTAIN: 0], respectively (Appendix M).

PROPOSED AEGL VALUES FOR CYCLOHEXYLAMINE

Classification 10-Minute 30-Minute 1-Hour 4-Hour 8-Hour

AEGL-1 1.8 ppm 1.8 ppm 1.8 ppm 1.8 ppm 1.8 ppm

AEGL-2 11 ppm 11 ppm 8.6 ppm 5.4 ppm 2.7 ppm

AEGL-3 38 ppm  38 ppm 30 ppm 19 ppm 9.4 ppm

2,4- and 2,6-Toluene diisocyanate
The AEGL values for these chemicals were revised  based upon an n of 1 (longer time periods) or 3
(shorter time periods) for time scaling rather than the previously applied n of 2.  For AEGL-3 the
10-minute AEGL was set equivalent to the 30-minute value due to the use of a 4-hour exposure duration
for the AEGL determinant.  The 10-minute AEGLS were approved unanimously by the NAC/AEGL
(motion made by Steve Barbee and seconded by Robert Niemeier) (Appendix N). The accepted values are
shown below. 

PROPOSED AEGL VALUES FOR 2,4, AND 2,6-TOLUENE DIISOCYANATE

Classification 10-Minute 30-Minute 1-Hour 4-Hour 8-Hour
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AEGL-1 0.02 ppm 0.02 ppm 0.02 ppm 0.02 ppm 0.02 ppm

AEGL-2 0.24 ppm 0.17 ppm 0.083 ppm 0.021 ppm 0.021 ppm

AEGL-3 0.65 ppm  0.65 ppm 0.51 ppm 0.32 ppm 0.16 ppm

Iron pentacarbonyl
Robert Young presented a  review of the iron pentacarbonyl AEGLS explaining the need for minor
adjustments in the previously accepted values (Attachment 8).   The development of the 10-minute values
was also presented.  Because data consistent with a 10-minute exposure period were unavailable, 10-
minute values were derived using an n of 1 which was based upon analysis of the available data.  AEGL-
1 values were not developed due to the steep exposure-response relationship and the apparently narrow
margin between exposures causing no observable effects and those resulting in lethal responses.  The 8-
hour AEGLS, as previously decided, were not developed due to the rapid decomposition of the chemical
under ambient conditions.  A motion was made by George Rodgers and seconded by David Belluck to
adopt the 10-minute AEGLS.  The voting records (Appendix O) for AEGL-1 and AEGL-3 were
unanimously approved; AEGL-2: [YES: 19; NO: 3, ABSTAIN: 0], respectively (Appendix O).   The
resulting accepted values are shown below.

PROPOSED AEGL VALUES FOR IRON PENTACARBONYL

Classification 10-Minute 30-Minute 1-Hour 4-Hour 8-Hour

AEGL-1 NA NA NA NA NA

AEGL-2 1.2 ppm 0.40 ppm 0.19 ppm 0.050 ppm NA 

AEGL-3 3.5 ppm  1.2 ppm 0.58 ppm 0.15 ppm NA

Nickel carbonyl
Robert Young presented a  review of the nickel carbonyl AEGLS explaining the need for minor
adjustments due to the use of default n values of 1 and 3 rather than the previously applied n of 2
(Attachment 8). The 10-minute values were developed by time scaling.  Values for 8 hours, as determined
at initial NAC/AEGL deliberations, were not developed because the chemical would not likely persist for
that time under ambient conditions.  The accepted values are presented in the following table.  A motion
was made by George Rogers and seconded by David Belluck.  The motion passed unanimously [YES: 22;
NO: 0; ABSTAIN: 0] (Appendix P).
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PROPOSED AEGL VALUES FOR NICKEL CARBONYL

Classification 10-Minute 30-Minute 1-Hour 4-Hour 8-Hour

AEGL-1 NA NA NA NA NA

AEGL-2 0.096 ppm 0.042 ppm 0.021 ppm 0.005 ppm NA 

AEGL-3 0.46 ppm  0.32 ppm 0.16 ppm 0.040 ppm NA

Phosphorus oxychloride
As explained by Robert Young (Attachment 8), the previously proposed AEGLS were adjusted due to the 
use of default n values of 1 and 3 rather than the previously applied n of 2.  Only AEGL-3 values were
developed for this chemical due to the lack of data.  Consistent with the procedure previously adopted by
the NAC/AEGL, the 10-minute AEGL-3 was flatlined with the 30-minute AEGL-3 due to the use of data
from a 4-hour exposure period.  A motion was made by Zarena Post and seconded by David Belluck to
adopt the proposed value.  It was approved unanimously [YES: 18; NO: 0; ABSTAIN: 0] (Appendix Q). 
The proposed values are presented below.

PROPOSED AEGL VALUES FOR PHOSPHORUS OXYCHLORIDE

Classification 10-Minute 30-Minute 1-Hour 4-Hour 8-Hour

AEGL-1 NR NR NR NR NR

AEGL-2 NR NR NR NR NR 

AEGL-3 1.1 ppm  1.1 ppm 0.85 ppm 0.54 ppm 0.27 ppm

Phosphorus trichloride
The previously proposed AEGLS were adjusted due to the  use of default n values of  1 and 3 rather than
the formerly applied n of  2.  Only AEGL-3 values had been developed for this chemical due to the lack 
of data.  Consistent with the procedure previously adopted by the NAC/AEGL (Attachment 8), the
10-minute AEGL-3 was flatlined with the 30-minute AEGL-3 due to the use of data from a 4-hour
exposure period.  The proposed values are presented below.  During the deliberations it was stated that 
an industry study was available that might be  useful in the development of the AEGL-1 and/or AEGL-2
values.  This will be pursued and the development of AEGLs for this chemical revisited if necessary.  
A motion was introduced by Ernie Falke and seconded by Mark McClanahan to adopt the 10-minute
AEGL-3 value.  It was passed unanimously [YES: 20; NO: 0; ABSTAIN: 0] (Appendix R).
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PROPOSED AEGL VALUES FOR PHOSPHORUS TRICHLORIDE

Classification 10-Minute 30-Minute 1-Hour 4-Hour 8-Hour

AEGL-1 NR NR NR NR NR

AEGL-2 NR NR NR NR NR 

AEGL-3 1.1 ppm  1.1 ppm 0.88 ppm 0.56 ppm 0.28 ppm

Hydrogen chloride
Cheryl Bast provided an overview of the hydrogen chloride AEGLS (Attachment 9) and the derivation
10-minute values. For AEGL-1, the 10-minute values was flatlined with the AEGLS for other time 
points at 1.8 ppm.  The NAC/AEGL briefly reviewed the available key data sets for this chemical. 
AEGL-1 values are based on a NOAEL in exercising human asthmatics.  AEGL-2 levels for 30 minutes
to 8 hours are based on nasal and lung histopathology in rats.  The 10-minute AEGL-2 value is based on a
modification of the mouse RD50 to obtain a concentration corresponding to irritation.  AEGL-3 values are
based on an estimated NOEL for death in rats.  A motion was made by Mark McClanahan and seconded
by John Hinz to adopt the proposed 10-minute AEGL values.  In summary, AEGL-1 passed unanimously
[YES: 20; NO: 0; ABSTAIN: 0]; AEGL-2: [YES: 16; NO: 3, ABSTAIN: 0]; AEGL-3: [YES: 18; NO: 2;
ABSTAIN: 0], respectively (Appendix S).  The 10-minute AEGLS presented in the following table were
accepted. 

PROPOSED AEGL VALUES FOR HYDROGEN CHLORIDE

Classification 10-Minute 30-Minute 1-Hour 4-Hour 8-Hour

AEGL-1 1.8 ppm 1.8 ppm 1.8 ppm 1.8 ppm 1.8 ppm

AEGL-2 100 ppm 43 ppm 22 ppm 5.4 ppm 2.7 ppm

AEGL-3 620 ppm  210 ppm 100 ppm 26 ppm 13 ppm

Methyltrichlorosilane
Cheryl Bast presented an overview for the derivation of 10-minute AEGLS for methyltrichlorosilane
(Attachment 10).  The accepted values are shown in the table below.  The 10-minute values for AEGL-2
and  -3 were developed by extrapolation from the 1-hour key study.  Motion was made by Loren Koller
and seconded by Richard Niemeier.  AEGL-1 was approved unanimously; AEGL-2: [YES: 16; NO: 4;
ABSTAIN: 0]; AEGL-3: [YES: 18; NO: 2; ABSTAIN: 0], respectively (Appendix T).
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PROPOSED AEGL VALUES FOR METHYLTRICHLOROSILANE

Classification 10-Minute 30-Minute 1-Hour 4-Hour 8-Hour

AEGL-1 0.60 ppm 0.60 ppm 0.60 ppm 0.60 ppm 0.60 ppm

AEGL-2 37 ppm 12 ppm 6.2 ppm 1.6 ppm 0.78 ppm

AEGL-3 170 ppm  56 ppm 28 ppm 7.0 ppm 3.5 ppm

Dimethyldichlorosilane
Cheryl Bast presented an overview for the derivation of 10-minute AEGLS for dimethyldichlorosilane
(Attachment 11).  For the AEGL-1, the values were flatlined at 0.90 ppm for all time periods.  The 10-
minute values for AEGL-2 and -3 were developed by extrapolation from the 1-hour key study.  A motion
was made by Bob Benson and seconded by Mark McClanahan to accept the following AEGL values:
AEGL-1: unanimously accepted; AEGL-2: [YES: 15; NO: 5; ABSTAIN: 0]; AEGL-3: [YES: 18; NO: 2;
ABSTAIN: 0] (Appendix U).

PROPOSED AEGL VALUES FOR DIMETHYLDICHLOROSILANE

Classification 10-Minute 30-Minute 1-Hour 4-Hour 8-Hour

AEGL-1 0.90 ppm 0.90 ppm 0.90 ppm 0.90 ppm 0.90 ppm

AEGL-2 78 ppm 26 ppm 13 ppm 3.3 ppm 1.6 ppm

AEGL-3 320 ppm  110 ppm 53 ppm 13 ppm 6.6 ppm

Methyl isocyanate
Ten-minute AEGLS for this chemical were based upon time scaling using an empirically-derived n value
of 1 which is based upon exposures with durations as low as 7 minutes.  The 10-minute AEGLS were
approved as shown in the following table. No AEGL-1 values were developed because the exposures
resulting in irritation would exceed AEGL-2 levels. A motion was made by Bob Benson and seconded by
Loren Koller and all proposed 10-minute AEGL values were approved unanimously (Appendix V).

PROPOSED AEGL VALUES FOR METHYL ISOCYANATE

Classification 10-Minute 30-Minute 1-Hour 4-Hour 8-Hour

AEGL-1 NA NA NA NA NA

AEGL-2 0.40 ppm 0.13 ppm 0.067 ppm 0.017 ppm 0.008 ppm

AEGL-3 1.2 ppm 0.40 ppm 0.20 ppm 0.05 ppm 0.25 ppm
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AEGL PRIORITY CHEMICALS

Deliberations (other than development and approval of 10-minute values) took place for two additional
priority chemicals.  In both instances, the discussions were a  revisit of chemicals that were, to varying
extent, addressed at prior meetings.

Bromine, CAS Reg. No. 7726-95-6 

Chemical Manager: Zarena Post, Texas NRCC
Staff Scientist: Sylvia Talmage, ORNL

Bromine was first reviewed in 1998 and no AEGLS were developed pending data development.  Zarena
Post presented an overview of the pertinent data on bromine.  Following discussion of the data (especially
that by Henschler [Attachment 12]) and uncertainty factor applications, a motion was made by Mark
McClanahan (seconded by Bob Benson) to use a 0.1 ppm exposure for 30 minutes as an estimate of the
threshold for ocular and nasopharyngeal irritation.  The AEGL-1 values were derived using an uncertainty
factor of 3 and extrapolation using an n value of 2.2 from a lethality study.   The motion passed to accept
AEGL-1 values of 0.055, 0.033, 0.024, 0.013, and 0.009 ppm, respectively for 10-minutes, 30-minutes,
and 1-, 4-, and 8 hours [YES: 15; NO: 5; ABSTAIN: 0] (Appendix V).   There was discussion of 
Henschler’s interpretation of data and the exposure that would be considered a threshold for AEGL-2
effects.  The determinant of AEGL-2 was a 30-minute exposure of human subjects to 1 ppm that resulted
in severe sensory irritation of the eyes, nose, and throat, which was considered by the NAC/AEGL as
appropriate AEGL-2 effects.  An interspecies uncertainty factor of 3 was applied and time scaling
performed using n = 2.2 to obtain the AEGL-2 values.  A motion to accept the AEGL-2 values of 0.55,
0.33, 0.24, 0.13, and 0.095 ppm  was made by Larry Gephart and seconded by Richard Niemeier.  The
motion passed [YES: 16: NO: 4; ABSTAIN: 0] (Appendix W).  For AEGL-3,  there 
was discussion regarding the relative toxicity of bromine and chlorine and the issue of bromination. 
Following the discussions, there was a motion made by Zarena Post and seconded by Larry Gephart 
to accept the following AEGL-3 values based on a lethality study with the mouse, time scaling using 
n = 2.2:  19, 12, 8.5, 4.5, and 3.2 ppm.  The motion passed [YES: 18; NO: 1: ABSTAIN: 1] 
(Appendix W).

SUMMARY OF PROPOSED AEGL VALUES FOR BROMINE

Classification 10-Minute 30-Minute 1-Hour 4-Hour 8-Hour Endpoint

AEGL-1 0.055 ppm 0.033 ppm 0.024 ppm 0.013 ppm 0.0095 ppm Threshold for ocular and
nasopharyngeal irritation in
humans  (Rupp and
Henschler,1967)

AEGL-2 0.55 ppm 0.33 ppm 0.24 ppm 0.13 ppm 0.095 ppm Threshold for irreversible
effects in humans (Rupp
and Henschler,1967)

AEGL-3 19 ppm 12 ppm 8.5 ppm 4.5 ppm 3.2 ppm Mouse LC01 (Schlagbauer and
Henschler, 1967)
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Phosphine, CAS Reg. No. 7803-51-2 

Chemical Manager: Ernest Falke, U.S. EPA
Staff Scientist: Cheryl Bast, ORNL

Cheryl Bast explained that comments from the NAS/COT Subcommittee on Acute Exposure Guideline
Levels necessitated revisions/reconsideration of the phosphine AEGLS (Attachment 13).  These
comments included: (1) reconsideration of key study selection of AEGL-2 (i.e., no repeat exposures); 
(2) justification for an uncertainty factor of  3 for AEGL-2, and (3) development of AEGL-1 values. 
Following a review of available data and discussions, the NAC/AEGL unanimously decided that there
were insufficient data with which to develop AEGL-1 values (motion made by Bob Benson; seconded by
David Belluck).  For AEGL-2 issues, discussion focused on data describing AEGL-2 type endpoints and
the effects of the exponent, n, on the time scaling.  The AEGL-2 values were based upon a NOAEL for
histopathologic changes in mice following exposure to 5 ppm, 6 hrs/day for 4 days (a single 6-hour
exposure was assumed for AEGL development).  The AEGL-2 values were developed using an
uncertainty factor of  30 (3 for interspecies and 10 for intraspecies) and time scaling performed using an n
of 1 or 3.  A motion to accept the resulting AEGL-2 values was made by Steve Barbee and seconded by
Richard Niemeier.  The motion passed [YES: 17; NO: 1; ABSTAIN: 0] (Appendix X).  For AEGL-3
values, a 6-hour exposure of rats to 18 ppm was considered a NOAEL for lethality.  The AEGL-3 values
were developed using this endpoint, uncertainty factors of  3 for interspecies variability and 10 for
intraspecies variability, and an n of 1 or 3 (the n of 1 as suggested by the COT Subcommittee was not
used because the experimental data were from a time to death study which may not have revealed the
actual mortality).  A motion was made by Richard Niemeier and seconded by Bob Benson that the
AEGL-3 values derived by the aforementioned process be accepted.  The motion passed [YES: 19; NO:
1; ABSTAIN: 0] (Appendix X).  

SUMMARY OF PROPOSED AEGL VALUES FOR PHOSPHINE 

Classification 10-Minute 30-Minute 1-Hour 4-Hour 8-Hour Endpoint

AEGL-1 NA NA NA NA NA Not applicable;
insufficient data

AEGL-2 0.38 ppm 0.38 ppm 0.30 ppm 0.19 ppm 0.13 ppm NOAEL for
histopathologic changes

AEGL-3 1.4 ppm 1.4 ppm 1.1 ppm 0.69 ppm 0.45 ppm Estimated lethality
threshold.
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ADMINISTRATIVE ISSUES

Plans for future NAC/AEGL meeting dates were discussed.  The next proposed meeting date is

 July 26-28, 2000 Washington, D.C.

There was also some discussion regarding the possibility of holding a meeting in San Antonio, Texas. 
John Hinz is working on preliminary investigations regarding feasibility. A possible date for this meeting
is the first week in December.

Submitted by Bob Young and Po-Yung Lu
Oak Ridge National Laboratory
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LIST OF ATTACHMENTS

The attachments were distributed during the meeting and will be filed in the EPA Docket Office.

1. NAC/AEGL Meeting No. 17 Agenda
2. NAC/AEGL Meeting No. 17 Attendee List
3. Public comments from Federal Register Notice
4. Data Analysis for Crotonaldehyde - Sylvia Milanez
5. Data Analysis for Allylamine - Sylvia Milanez
6. Data Analysis for Ethylenediamine - Sylvia Milanez
7. Data Analysis for Cyclohexamine - Sylvia Milanez
8. Data Analysis for Iron Pentacarbonyl, Nickel Carbonyl, Phosphorus Oxychloride,  

and Phosphorus Trichloride - Bob Young
9. Data Analysis for Hydrogen Chloride - Cheryl Bast
10. Data Analysis for Methyltrichlorosilane - Cheryl Bast
11. Data Analysis for Dimethyldichlorosilane - Cheryl Bast
12. Data Analysis for Bromine from Henschler publication
13. Data Analysis for Phosphine - Cheryl Bast

LIST OF APPENDICES

A. Approved NAC/AEGL-16 Meeting Highlights
B. Ballot for HFC-134a
C. Ballot for 1,1,1-Trichloroethane
D. Ballot for Agent HD
E. Ballot for 1,2-Dichloroethylene
F. Ballot for Otto Fuel 
G. Ballot for HCFC-141b
H. Ballot for Hydrogen Sulfide
I. Ballot for Hydrogen Cyanide
J. Ballot for Crotonaldehyde
K. Ballot for Allylamine
L. Ballot for Ethylenediamine
M. Ballot for Cyclohexylamine
N. Ballot for 2,4- and  2,6-Toluene Diisocyanate
O. Ballot for Iron Pentacarbonyl
P. Ballot for Nickel Carbonyl
Q. Ballot for Phosphorus Oxychloride
R. Ballot for Phosphorus Trichloride
S. Ballot for Hydrogen Chloride
T. Ballot for Methyltrichlorosilane
U. Ballot for Dimethyldichlorosilane
V. Ballot for Methyl Isocyanate
W. Ballot for Bromine
X. Ballot for Phosphine
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Appendix A

National Advisory Committee (NAC)
for Acute Exposure Guideline Levels (AEGLs) for Hazardous Substances

Final Meeting 16 Highlights
U.S. Department of Transportation

DOT Headquarters Building, Rooms 6200-6204
400 7th Street, S.W., Washington, D.C.

December 6-8, 1999

INTRODUCTION

The highlights of the meeting are noted below, and the meeting agenda (Attachment 1) and attendee lists
(Attachment 2) are attached.  Highlights of the NAC Meeting 15 (September 14-15, 1999) were reviewed and
approved with minor corrections (Appendix A).

GENERAL INTEREST ITEMS

Roger Garrett, AEGL Program Director, welcomed the international collaborators: Annick Pichard from
France, Ursula Stephan from Germany, and  Marc Ruijten and Marcel Van Raaij from the Netherlands.

Roger Garrett reported on the progress of the NAS/COT–NAS/AEGL subcommittee review process for  the
Standing Operating Procedures (SOP) and  the Technical Support Documents (TSDs).  The subcommittee
has tentatively reached consensuses on the SOP as well as TSDs and respective AEGL values for five priority
chemicals (aniline, arsine, hydrazine, methyl hydrazine, and two isomers of dimethyl hydrazine).   Following
the changes recommended by the NAS/AEGL, these documents are still subject to internal and external NAS
review prior to the final publication. The AEGLs for chlorine and fluorine are undergoing minor revisions
and will not be published along with the TSDs listed above.  July 2000 was indicated as a tentative
publication date.   He also announced that the committee will begin the development of 10-minute AEGL
values (also desired by certain U.S. organizations in the private sector and OECD member countries); In
addition, he also summarized some of the SOP issues that must be resolved before the first publication by the
NAS.  These included: (1) the inclusion of the discussion of  Multiple Chemical Sensitivity in the SOP; (2)
a more robust and scholarly discussion of the uncertainty factors; and (3) the development of AEGL-1 values
in cases where other than irritation and other sensory effects are known to occur below the AEGL-2 effect
levels.   Following a discussion, the NAC/AEGL approved a modification of the AEGL-1 definition to
include circumstances where individuals may experience asymptomatic and nonsensory effects when exposed
at low concentrations (Appendix B).  The issue of the sensitivity of adult versus pediatric asthmatics will be
addressed in the future.

John Morawetz circulated a memorandum (Attachment 3) regarding a request to finalize issues regarding
ceiling levels, their relationship to AEGLs, and their discussion in the SOPs.  Discussion focused on the  need
to emphasize that emergency responders should not develop AEGL values of increasing concentrations for
less-than-30-minute periods by simple extrapolation. John proposed the following statement:   “A ceiling
level not to be exceeded is the AEGL value with the shortest (least) time be incorporated into SOP.  For most
chemicals, this will be  the 30-minute value, unless a shorter period is determined (for example 10 minutes).”
AEGL values are not intended to apply to infrequent exposures.  It was approved by NAC/AEGL (Appendix
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C).   AEGL values are not intended to apply to infrequent exposures. A request was made for NAS/AEGL
members to submit thoughts/comments to Ernie Falke and John Morawetz for possible inclusion in the SOP
document.

AEGL PRIORITY CHEMICALS

Ethylene Oxide, CAS Reg. No. 75-21-8

Chemical Manager: Kyle Blackman, FEMA
Author:  Kowetha Davidson, ORNL

Kowetha Davidson reviewed the status of the ethylene oxide AEGLs and initiated the discussion regarding
an issue revolving around the AEGL-2 assessment (Attachment 4).  Specifically, attention was focused on
replacing the use of a dominant lethal endpoint with genetic effects on germ cells and potential growth
retardation.  Kyle Blackman and Kowetha Davidson provided an overview of the new approach noting that
it addressed the comments submitted in response to the Federal Register publication.  Discussion ensued
regarding the appropriateness of the revised AEGL-2 endpoints. William Snellings (Union Carbide) stated
that the  study and endpoint (neurotoxicity) originally selected in the first TSD draft (prepared in December
1996) was the most appropriate choice.  Kyle expressed concern that the AEGL-2 should be protective of the
unborn, thereby favoring the growth retardation endpoint.  Following extensive discussion of different
proposals involving various potential endpoints (all of which provided similar AEGL-2 values), a no-effect
level for delayed ossification was selected as the key endpoint for AEGL-2 development. A motion was  made
by George Rodgers and seconded by John Hinz to accept the values of 80, 45, 14, and 7.9 ppm (for the 30-
min, 1-, 4-, and 8-hr AEGLs) based up on fetal growth retardation without a statistical increase in delayed
ossification in rats exposed to 100 ppm ethylene oxide for 6 hours in a developmental toxicity study.  The
n-value was 1.2 and the uncertainty adjustment was 10 (3 each for inter- and intraspecies variability).  The
motion passed (YES: 14; NO: 4; ABSTAIN:1) (Appendix D).

 Methyl Isocyanate, CAS Reg.  No. 624-83-9

Chemical Manager:  Loren Koller, Oregon State University
Author:  Carol Forsyth, ORNL

Carol Forsyth reviewed the relevant data and major effects of methyl isocyanate (Attachment 5) noting that
AEGL-3 values had been adopted in March 1999.  Following a  brief discussion, it was moved by Loren
Koller and seconded by Mark McClanahan  to accept the AEGL-2 values as presented ( 0.13, 0.07, 0.017,
0.008 ppm for 30 minute, 1-, 4-, and 8-hr, respectively) based upon decreased fetal body weight.  George
Rodgers stated that cardiac arrhythmia data should also be incorporated into the justification of the AEGL-2
values.  The motion was approved by NAC/AEGL (YES: 17; NO: 1; ABSTAIN: 0) (Appendix E).  A motion
made by Ernie Falke and seconded by Mark McClanahan not to adopt AEGL-1 values was passed
unanimously (Appendix E).
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Otto Fuel II, CAS Reg.  No. 6423-43-4 

Chemical Manager: Bill Bress, ASTHO
Author: Sylvia Talmage, ORNL

Note: The values of AEGL-1 and -2 were approved at the NAC/AEGL-15 meeting. 

Bill Bress reviewed the data pertinent to development of AEGL-3 values for Otto Fuel (Attachment 6).  The
proposed values were based on a study with squirrel monkeys in which exposure to 70-100 ppm for 6 hours
caused severe effects on the central nervous system but no deaths.  An interspecies uncertainty factor of 3 was
applied because the monkey and humans showed similar effects on the central nervous system at low
concentrations.  In addition, the threshold for central nervous system effects does not vary widely among
mammalian species, and the monkey is an appropriate model for extrapolation to humans.  An intraspecies
uncertainty factor of 3 was chosen because the threshold for central nervous system depression does not vary
widely among individuals.  Because no data were available for time-scaling for the endpoint of central
nervous system depression, the values  of  n =  3 for scaling  from  6  hours to the shorter  time periods and
n=1 for scaling to the 8-hour period were used.  Bob Benson addressed the concern that methemoglobin
formation may be a problem in infants exposed to Otto Fuel.  Using the U.S. EPA’s reference dose for nitrate-
nitrogen which is based on a no-affect level in infants, Bob showed that the intake of nitrate-nitrogen from
exposure to an 8-hour AEGL-3 is less than the U.S. EPA reference dose.  John Morawetz noted that the TSD
needed to be modified to indicate that sampling data for worker exposure was the result of instantaneous
readings and not continuous monitoring data.  Ten-minute values were also calculated for Otto Fuel.  The
AEGL-2 and AEGL-3 10-minute values were time-scaled from the existing data.  The 10-minute AEGL-1
value was flatlined from the 30-minute value.  A motion to accept the AEGL-3 values was made by Ernie
Falke and seconded by Mark McClanahan.  The motion passed [YES: 17; NO: 0; ABSTAIN: 0] (Appendix
F).

SUMMARY OF PROPOSED AEGL VALUES FOR OTTO FUEL (ppm[mg/m3])

Classification
10-

minute
30-

minute 1-hour 4-hour 8-hour
Endpoint

(Reference)

AEGL-1 0.33
(2.3)

0.33
(2.3)

0.17
(1.1)

0.05
(0.34)

0.03
(0.17)

Mild headaches in
humans

(Stewart et al., 1974)

AEGL-2 6.0
(43)

2.0
(14)

1.0
(6.8)

0.25
(1.7)

0.13
(0.8)

Severe headaches and
slight imbalance in

humans
(Stewart et al., 1974)

AEGL-3 23
(165)

16
(114)

13
(93)

8.0
(57)

5.3
(38)

Convulsions in monkeys
(Jones et al., 1972)
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Sulfur Mustard (Agent HD), CAS Reg. No. 505-60-2

Chemical Manager: Kenneth R. Still, U.S. Navy 
Author:  Robert Young and Annetta Watson, ORNL

An overview (binder distributed to NAC members at meeting [Attachment 7]) of the U.S. Army Chemical
Warfare Agent Program was provided by Veronique Hauschild  (Environmental Risk Assessment and Risk
Communication Program, U.S. Army Center for Health Promotion and Preventive Medicine, Aberdeen
Proving Ground, MD).  Components of the program were described and the need for scientifically sound
health-based exposure criteria for sulfur mustard and nerve agents (GA,GB, GD, and VX) were emphasized.
Ms. Hauschild also indicated that it would be helpful if the NAS/AEGL provided more guidance regarding
the use of AEGLs.   Annetta presented information on the physicochemical properties and toxicology of the
warfare agents (Attachment 8), and also showed a video that provided general information on these agents
as well as descriptions of their toxic effects.  Immediately prior to deliberations on the sulfur mustard draft,
Loren Koller gave an overview of a previous evaluation by the National Research Council Committee on
Toxicology (for which he served as Chairperson) on human acute toxicity estimates for nerve and vesicant
warfare agents (Attachment 9).

Robert Young presented an overview of available data and the draft AEGLs for sulfur mustard (Attachment
10).  An emphasis was placed on the availability of human exposure data for nonlethal responses and the fact
that the ocular response appears to be a sensitive indicator of exposure.  The NAS/AEGL agreed that the
human data on ocular responses serve as drivers for the AEGL-1 and AEGL-2 values.  Minor alterations in
the selection of the key exposure terms and uncertainty factor application resulted in AEGL values differing
only slightly from the draft values.  The AEGL-1 values were based upon a threshold (12 mg-min/m3) for
ocular irritation in human subjects and adjusted by an uncertainty factor of 3 for protection of sensitive
individuals.  The AEGL-2 was based the lowest concentration-time product (60 mg-min/m3)  for which ocular
effects could be characterized as military casualties (i.e., moderate irritation that might require medical
attention and that might result in performance decrement).  An uncertainty factor of  3 was again applied for
concerns regarding sensitive individuals and a modifying factor of 3 was also applied to account for
uncertainties regarding potential long-term ocular effects or the possibility of respiratory tract involvement.
The AEGL-3 values were based on an estimated lethality threshold in mice and downwardly adjusted by a
total uncertainty factor adjustment of 10 (3 each for intra- and interspecies variability).  An n of 1 for time
scaling was empirically derived.  Ten-minute AEGL value were also developed in response to a needs
requested by the U.S. Army and by the European community.  For AEGL-1 and AEGL-2 10-min values,
linear time scaling (n =1) was applied but for AEGL-3 exponential scaling (n=3) was applied because of the
absence of very short-term lethality data.  A motion to accept the revised AEGL-1 values was made by Loren
Koller and seconded by Glenn Leach. The motion passed [YES: 20; NO: 1; ABSTAIN: 0] (Appendix G).
A motion to accept the revised AEGL-2 values was made by Bob Snyder and seconded by Bill Pepelko. The
motion passed [YES: 17; NO: 4; ABSTAIN: 0](Appendix G).  A motion to accept the AEGL-3 values was
made by Bob Benson and seconded by Bill Pepelko.  The motion passed [YES: 20; NO: 1; ABSTAIN: 0]
(Appendix G).
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SUMMARY OF PROPOSED AEGL VALUES FOR SULFUR MUSTARD (AGENT HD)

Classification 10-min 30-min 1-hour 4-hour 8-hour Endpoint (Reference)

AEGL-1 0.060 ppm
0.40 mg/m3

0.020 ppm
0.13  mg/m3

0.010 ppm
0.067  mg/m3

0.0026 ppm
0.017  mg/m3

0.0012 ppm
0.008  mg/m3

Conjunctival injection and
minor discomfort with no
functional decrement in
human volunteers (Anderson,
1942)

AEGL-2 0.090 ppm
0.60  mg/m3

0.030 ppm
0.20  mg/m3

0.015 ppm
0.10  mg/m3

0.0038 ppm
0.025  mg/m3

0.0020 ppm
0.013  mg/m3

Well marked, generalized
conjunctivitis, edema,
photophobia, and eye
irritation in human volunteers
(Anderson, 1942)

AEGL-3 0.91 ppm
6.1 mg/m3

0.63 ppm
4.2  mg/m3

0.32 ppm
2.1 mg/m3

0.080 ppm
0.53  mg/m3

0.041 ppm
0.27  mg/m3

Lethality estimate in mice 
(Kumar and Vijayaraghavan,
1998)

1,1,1-Trichloroethane,  CAS Reg. No. 71-55-6 

Chemical Manager: Mark McClanahan, CDC/NCEH
Author:  Tessa Long, ORNL

An overview of the draft AEGLs was provided by Tessa Long (Attachment 11).  A motion to accept the draft
AEGL-1 values of 150 ppm  for all time points based on what appeared to be a time-independent response
of six human subjects was made by Zarena Post and seconded by George Rodgers.  The motion did not pass
[YES: 11; NO: 8; ABSTAIN: 0] (Appendix H).  An alternate motion for use of 230 ppm for all time points
(UF=2) did pass.  The approach was justified by consistency of the effect across studies.  For AEGL-2, Ernest
Falke suggested that the time scaling calculations utilize the EC50 data rather than the LC50 data.  A motion
was made by George Rodgers (seconded by Doan Hansen) to accept 670, 600, 380, and 310 ppm for the 30-
min, 1-, 4-, and 8-hr AEGL-2 values.  These were based upon an EC50 for ataxia in rats and a total uncertainty
adjustment of 10 (3 each for inter- and intraspecies variability).  The motion passed (YES: 12; NO: 6;
ABSTAIN: 0) (Appendix H).  A motion was made by Mark McClanahan (seconded by Doan Hansen to
accept 4800, 3800, 2400, and 1900 ppm for the 30-min, 1-, 4-, and 8-hr AEGL-3 values An uncertainty factor
of 10 was applied.  An intraspecies factor of 3 was used to account for sensitive individuals and an
interspecies factor of 3 was used.  The resulting concentrations were multiplied by a modifying factor of 3
in order to achieve a reasonable concentration at which humans might experience life-threatening toxic
effects.  The motion passed [YES: 14; NO: 2; ABSTAIN: 0] (Appendix H).  The 10-min value for AEGL-1
was designated as the same  for all other time points for this level, 230 ppm.  The 10-min value for AEGL-2
was extrapolated from  the same aforementioned endpoint for this level, the EC50 for ataxia in rats.  The
AEGL-3 30-min value was also used for the 10-min value so as not to exceed the threshold for cardiac
sensitization observed in dogs (Reinhardt et al., 1973). The resulting AEGL values are presented in the
following table.  
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SUMMARY OF PROPOSED AEGL VALUES FOR 1,1,1-TRICHLOROETHANE (ppm [mg/m3])

Classification 10-
minute

30-
minute

1-hour 4-hour 8-hour Endpoint (Reference)      

AEGL-1 230
(1252)

230
(1252)

230
(1252)

230
(1252)

230
(1252) 

Eye irritation and slight dizziness in
humans observed by Salvini et al. (1971)

AEGL-2 930
(5064)

670
(3650)

600
(3270)

380
(2070)

310
(1688)

EC50 for ataxia in rats, Mullin and
Krivanek, (1982)

AEGL-3 4800a

(26135)
4800

(26135)
3800

(20690)
2400

(13067)
1900

(10345)
LC0 extrapolated from Bonnet et al.
(1980)

 a The 30-min value was used as the 10-min value so as not to exceed the threshold for cardiac sensitization observed
in dogs (Reinhardt et al., 1973).

1,2-Dichloroethylene,  CAS Reg. No. 540-59-0 

Chemical Manager: Ernie Falke, USEPA
Author: Cheryl Bast, ORNL

Cheryl Bast reviewed previous NAC/AEGL deliberations, NAS/COT Subcommittee suggestions, and new
data provided by industry representatives.  The AEGL-1 was based on a no-effect-level for eye irritation in
humans.  An uncertainty factor of  3 was applied to protect sensitive individuals.   This  uncertainty factor
of 3 was applied for AEGL-1 values for both the  cis- and  trans- isomers.  Since data suggest that the cis-
isomer is approximately twice as toxic as the trans- isomer, a modifying factor of 2 was applied in the
derivation of the cis- isomer values only.   The same value was applied across the 10- and 30-minute, 1-, 4-,
and 8-hour exposure time points.  For the trans- isomer, the motion was made by George Rodgers and
seconded by Zarena Post.  The motion passed (YES:14; NO:1; ABSTAIN:2)(Appendix I).  For the cis-
 isomer, the motion was made by George Rodgers and seconded by Steve Barbee.  The motion passed
(YES:14; NO:2; ABSTAIN:2) (Appendix J).  

The AEGL-2 for the 4- and 8-hour time points was based on narcosis observed in pregnant rats exposed to
trans- isomer for 6 hours.  Uncertainty factors of  3 each (total UF=10) were applied for both inter- and
intraspecies differences.  To obtain conservative and protective AEGL values in the absence of an empirically
derived chemical-specific scaling exponent, temporal scaling was performed using n=3 when extrapolating
to shorter time points and n = 1 when extrapolating to longer time points using the cn x t = k equation. The
AEGL-2 for the 10- and 30-min and 1-hr time points was set as a ceiling based on a plateau for anesthetic
effects in humans. Values extrapolated from animal data for the trans-  isomer were divided by 2 to derive
the cis- AEGL-2  values for  30 minutes to 8 hours.  The 10-min value was set as the same ceiling as the
trans-10-minute value.  For the trans- isomer, the motion was made by Tom Hornshaw and seconded by
George Rodgers.  The motion passed (YES: 12; NO: 3; ABSTAIN: 3) (Appendix I).  For cis- isomer, the
motion was made by Tom Hornshaw and seconded by George Rodgers.  The motion was passed (YES: 13;
NO: 2; ABSTAIN: 3) (Appendix J).  
The AEGL-3 for the 4- and 8-hour time points was based on a 4-hr no-effect-level for death in rats exposed
to trans- isomer.  A total uncertainty factor of  10 was applied for AEGL-3 values for both the cis- and trans-
isomers.  To obtain conservative and protective AEGL values in the absence of an empirically derived
chemical-specific scaling exponent, temporal scaling was performed using n=3 when extrapolating to shorter
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time points and n = 1 when extrapolating to longer time points using the cn x t = k equation. The AEGL-3 for
the 10- and 30-min and 1-hr time points was set as a ceiling based on a plateau for intracranial pressure,
nausea, and severe dizziness in humans.  Cis- values extrapolated from animal data for the trans-isomer were
divided by 2 to derive the cis- AEGL-3 values for 30 minutes to 8 hours. The 10-min value was set as the
same ceiling as the trans- 10-min value. For the trans-isomer, the motion was made by Bob Benson and
seconded by Bob Snyder.  The motion passed (YES: 13; NO: 4; ABSTAIN: 1) (Appendix I).  For the cis-
isomer, the motion was made by Mark McClanahan and seconded by Bob Snyder.  The motion was passed
(YES: 10; NO: 4; ABSTAIN: 2) (Appendix J).  

After the meeting, it was noted that there was a logical inconsistency which is not rationally defensible for
the 10-, 30-, and 60-minute AEGL-2 and -3 values for the cis- isomer.  The rationale is as follows:

Values extrapolated from animal data for the trans- isomer were divided by 2 to derive the cis- AEGL-2 and
values for 30 minutes to 8 hours.  The 10-min value was set as the same ceiling as the trans- 10-minute value.
This is reasonable for the 4-and 8-hour values.  However, the extrapolated  10-, 30-, and 60-minute values
from animal data were not used for the trans- isomer because there were conflicting human data.  The
rationale for the 4- and 8-hour values for the cis- isomer is consistent with the trans- argument.  However,
if the trans- values are to be used to derive the cis- values based upon the rationale that the cis- isomer is
twice as toxic, then the 10-, 30-, and 60-minute values for the cis- isomer should be based upon the human
data as they were for the trans-  isomer.  The rationale discussed at the meeting was that the concentration-
response curves and partition coefficients were likely different for the two isomers, and thus, there might not
be a 2-fold differential toxicity at shorter time points.  However, we have insufficient data to either confirm
or refute this assumption.

Cis- values extrapolated from animal data for the trans-isomer were divided by 2 to derive the cis- AEGL-3
values for 30 minutes to 8 hours. The 10-minute cis- value was set as the same ceiling as the trans- 10-minute
value.  This is reasonable for the 4- and 8-hour values.  However, the extrapolated 30- and 60-minute values
from animal data were not used for the trans- isomer because there were conflicting human data.  The
rationale for the 4- and 8-hour values for the cis- isomer is consistent with the trans-  argument.  However,
if the trans- values are to be used to derive the cis- values based upon the rationale that the cis- isomer is
twice as toxic, then the 10-, 30-, and 60-minute values for the cis- isomer should be based upon the human
data as they were for the trans- isomer.  The rationale discussed at the meeting was that the concentration-
response curves and partition coefficients were likely different for the two isomers, and thus, there might not
be a 2-fold differential toxicity at shorter time points.  However, we have insufficient data to either confirm
or refute this assumption.

Therefore, for consistency, it was proposed and approved by the Committee in a vote by E-mail  that the
AEGL-2 and AEGL-3 values for the cis- isomer be set at one-half the trans- value.

Thus, proposed values are as follows:

PROPOSED AEGL VALUES FOR TRANS-1,2-DICHLOROETHENE (ppm[mg/m3])

Classification 10-min 30-min 1-hour 4-hour 8-hour Endpoint (Reference)

AEGL-1
(Nondisabling)

280 
[1109]

280
[1109]

280 
[1109]

280
 [1109]

280 
[1109]

Ocular irritation in humans
 (Lehman & Schmidt-Kehl, 1936)

AEGL-2
(Disabling)

1000
 [3960]

1000
[3960]

1000
[3960]

690
 [2724]

450 
[1782]

Narcosis in rats:4- & 8-hr (Hurtt et al.,
1993); Anesthetic effects in humans
 (Lehman & Schmidt-Kehl, 1936)
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AEGL-3
(Lethal)

1700 
[6732]

1700
[6732]

1700
[6732]

1200
[4752]

620
 [2455]

No-effect-level for death in rats: 4- & 8-hr
(Kelly, 1999); Nausea, intracranial pressure,
and dizziness in humans  (Lehman &
Schmidt-Kehl, 1936)

PROPOSED AEGL VALUES FOR CIS-1,2-DICHLOROETHENE (ppm[mg/m3])

Classification 10-min 30-min 1-hour 4-hour 8-hour Endpoint (Reference)
AEGL-1

(Nondisabling)
140

 [554]
140 
[554]

140 
[554]

140
 [554]

140
 [554]

Ocular irritation in humans
 (Lehman & Schmidt-Kehl, 1936)

AEGL-2
(Disabling)

500 
[1980]

500 
[1980]

500
[1980]

340
 [1346]

230
 [911]

Narcosis in rats:4- & 8-hr (Hurtt et al.,
1993); Anesthetic effects in humans
 (Lehman & Schmidt-Kehl, 1936)

AEGL-3
(Lethal)

850 
[3366]

850 
[3366]

850
[3366]

 620
 [2455]

310 
[1228]

No-effect-level for death in rats: 4- & 8-hr
(Kelly, 1999); Nausea, intracranial pressure,
and dizziness in humans  (Lehman &
Schmidt-Kehl, 1936)

ADMINISTRATIVE ISSUES

Plans for future NAS/AEGL meeting dates were discussed.  The following are proposed meeting dates:

March 16-17, 2000, Philadelphia, PA (preceding SOT meeting)
June 12-14, 2000, Washington, D.C. (Finalization of NAS-approved chemicals and SOPs)

Future NAS/COT meetings were also announced and included 

June 5-6, 2000 (Irvine, CA)
September 14-15, 2000 (Woods Hole, MA)

Meeting highlights were prepared by  Bob Young and Po-Yung Lu, Oak Ridge National Laboratory.
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LIST OF ATTACHMENTS

The attachments were distributed during the meeting and will be filed in the EPA Docket Office.

1. NAC/AEGL Meeting No. 16 Agenda
2. NAC/AEGL Meeting No. 16 Attendee List
3. Memorandum from John Morawetz on exposure period and ceiling levels
4. Data Analysis for Ethylene Oxide - Kowetha Davidson
5. Data Analysis for Methyl Isocyanate - Carol Forsyth
6. Data Analysis for Otto Fuel II - Sylvia Talmage
7. Chemical Warfare Agents Reference Package & Overview of Chemical Agent Program
8. Chemical Warfare Agents, Symptoms, Effects and Characteristics - Annetta Watson
9. Summary of Existing Toxicity Data for Selected Chemical agents - Loren Koller
10. Data Analysis for Sulfur Mustard - Bob Young
11. Data Analysis for 1,1,1-Trichloroethane - Tessa Long
12. Data Analysis for 1,2-Dichloroethylene - Cheryl Bast

LIST OF APPENDICES

A. Approved NAC/AEGL-15 Meeting Highlights
B. Ballot for AEGL-1 definition modification
C. Ballot for SOP statement
D. Ballot for Ethylene Oxide
E. Ballot for Methyl Isocyanate
F. Ballot for Otto Fuel II
G. Ballot for Sulfur Mustard
H. Ballot for 1,1,1-Trichloroethane
I. Ballot for Trans-1,2-Dichloroethylenhe
J. Ballot for Cis-1,2-Dichloroethylene
















































